Rauscher murine leukemia virus was used as an indicator agent to develop a methodology for the extraction and concentration of a theoretical leukemia virus from bovine milk and tissues. The indicator virus was seeded into cow's milk or was recovered from infected murine spleens. The tissue homogenates and the defatted milk were processed in a B-XVI rotor of a Spinco L-4 ultracentrifuge at a flow rate of 3 liters/hr. The efficiency of Rauscher virus recovery was greatest when the rotor was used without a gradient. A loss of between 0.6 and 0.7 log of total infectious virus, as determined by the spleen assay method, resulted when the seeded milk and murine spleens were processed. The procedures developed are presently being used in transmission experiments in an attempt to induce leukemia in the bovine.
The finding of virus-like particles in milk from leukemic cows (7, 8) and the development of methods for their recovery and partial purification have been reported (7, 15, 16) . Similar particles have been observed in lymph node and mammary gland biopsies as well as in tissue cultures from cattle with lymphosarcoma (8, 20, 22, 30) . More recently, budding virus particles have been seen in mixed cell cultures (3, 17) and in phytohemagglutinin-stimulated short-term lymphocyte suspension cultures from leukemic cattle (18) . The buoyant density and the size and morphology (7, 8) of the particles in milk are similar to the values reported for murine (23) and feline (25) Transmission experiments have demonstrated that murine leukemia is transmissable to newborn mice by inoculation of tissue extracts, filtrates, and plasma (9, 12, 13, 19, 24) . Vertical transmission has also been demonstrated by foster nursing studies (4, 5, 13, 19, 20) , and virus has been shown to be present in the milk of mice known to have a high incidence of leukemia (6) . The transmission of feline leukemia and sarcoma in kittens by the inoculation of tissue extracts and filtrates containing virus (25) has also been confirmed. Attempts to similarly transmit leukemia in cattle by use of viable cells and tissue extracts from leukemic donors have thus far been unsuccessful (11, 14, (26) (27) (28) Other. Twenty-liter sterile stainless-steel pressure vessels (Millipore Corp., Bedford, Mass.) were used to store the sample for processing through a B-XVI rotor. The vessels were immersed in an ice bath, and the sample was maintained at 5 C.
Mouse spleen assay. Portions of serial dilutions of samples (0.1 ml) were inoculated intraperitoneally into 4-week-old BALB/ccr mice. After 21 days, the mice were killed, and spleen weights were recorded to the nearest milligram. Spleens of more than 180 g were considered positive. Fifteen mice were used for each dilution group. Spleen assays were performed by Gerald Spahn (Microbiological Associates, Inc.).
RESULTS
Because of the variation in the volume at different sampling points of milk and tissue extracts, it was necessary to compare the total amount of infectious virus present at each step in the process. Infectivity, as determined by the mouse-spleen assay method, was reported as the ED60 per milliliter of the sample. The volumes of the fluids were converted to logarithms and added to the logarithms of the infectivity titers, the result being the total amount of infectious units at each stage of the process.
During the operation of the B-XVI rotor, an approximate linear gradient was created as the sucrose diffused into the covering citrate buffer. In the initial run, a flow rate of 6 liters/hr was used to process the miLk seeded with Rauscher virus. After the flow-through of the sample was completed, the rotor was maintained at operating speed (38,000 rev/min) for an additional 1 hr to sharpen the zones in the gradient. The results of this experiment are shown in Table 1 . An initial reduction of virus infectivity occurred when the inoculum was mixed with the raw cow's milk. Whether this loss was due to a sampling error or to a virucidal effect of the milk was not determined. The 1.14 to 1.17 g/cm3, sucrose gradient fraction showed an additional loss of virus. After dialysis to remove the sucrose and after filtration, the original virus concentration experienced a four-log reduction of infectivity.
In an attempt to increase the yield of virus, two additional Rauscher virus-seeded milk samples were processed as follows; the first Tables 1 and 2. With the reduced flow rate, the loss of infectious units in the gradient fraction was reduced to 1.33 logs, as compared to 2.8 logs for the 6- liter/hr flow rate. When the sample was pelleted in the absence of a gradient at a flow rate of 3 liters/hr, the loss was reduced further to 0.68 log.
In an attempt to develop procedures for extracting virus from tissues, 870 g of Rauscherinfected murine spleens was processed by the procedures outlined in Fig. 2 . The results are shown in Table 3 . The 8,700 ml of the homogenate was reduced 44-fold with a loss of 0.6 log of infectious units. The total initial infectivity was reduced from 7.84 to 7.21 logs. 
DISCUSSION
Because of the difficulty and uncertainty involved in attempting to monitor extraction, concentration, and purification processes by electron microscopy, an indicator organism, Rauscher murine leukemia virus, was used to monitor the methodology and was seeded into the milk and recovered or was extracted from infected mouse spleens.
In the initial experiment with a flow rate of 6 liters/hr, infectivity studies showed that there was a loss of 2.8 logs of the seeded Rauscher leukemia virus when the 1.14 to 1.17 g/cm3 fraction was assayed. Reduction of the flow rate to 3 liters/hr increased recovery, but there was still a loss of 1.33 logs of infectious units. Losses of such magnitude were unacceptable, especially since it was suspected that a bovine leukemia virus, if present at all in the bovine preparations, would be present in low titer.
In an attempt to improve the virus recovery rate, the use of a gradient was eliminated, and the virus was pelleted directly onto the wall of the rotor. The increase in the recovery of the seeded virus by this change in methodology was demonstrated by a further reduction of the infectivity titer from 6.95 to 6.27 logs. A loss of 0.7 log of the initial seeded virus was considered acceptable, considering the volume of milk processed, the loss of fluids by mechanical operation of the system, and the limitations of the assay procedure. Therefore, it was determined that the methodology outlined in Fig. 1 (Fig. 2) .
In an attempt to determine the effectiveness of such large-scale tissue extraction procedures, murine spleens were processed by the outlined procedures, and the resulting resuspended pellet was titrated in mice. The loss of the indicator virus was 0.6 log which was considered to be satisfactory considering the magnitude of tissue extracted, the mechanical loss of homogenate in the system, and the limitation of the spleen assay method.
A series of experiments was run to determine the effect of dialysis, filtration, and low-speed clarification of the resuspended pellet on recovery of the indicator virus. Each of these procedures resulted in considerable reduction in virus titer. Therefore, it was determined to use the crude resuspended pellet as inoculum for the transmission studies.
In the event that a bovine leukemia virus might be present in milk and tissues of cattle affected with the disease, would it have properties similar to a murine leukemia virus, such as the Rauscher type used in these studies? The results of these experiments can only tell us of the recoverability of Rauscher virus in terms of the concentrations introduced and can only suggest that similar results might be obtained in recovering a bovine virus, should it have similar properties.
With these limitations in mind, procedures have been developed as outlined in Fig. 1 and 2 for the extraction and concentration of a theoretical "C" type leukemia virus from cattle diagnosed as positive for lymphosarcoma. Transmission studies have been initiated utilizing these procedures in which extracts from lymph node, spleen, and milk are being used to inoculate newborn calves in an attempt to induce leukemia in these animals.
